This paper is the first empirical examination of the association between brownfield land and spatial inequalities in health. Linear mixed modelling of ward-level data suggests that there is higher exposure and susceptibility to brownfield land in the Northern compared to the Southern regions (with the exception of London); that brownfield exposure has an association with regional inequalities in mortality and morbidity within regions (particularly in the North West); that brownfield has an association with inequalities between regions (particularly between the North West and the South East); but that brownfield land only makes a small independent contribution to the North-South health divide in England. However, brownfield land could be a potentially important and previously overlooked independent environmental determinant of spatial inequalities in health in England.
1. Introduction
Regional inequalities in health
England has some of the largest regional inequalities in health in Europe, particularly between the Northern regions (North West, North East and Yorkshire and the Humber) and those of the South (particularly London and the South East). By way of example, recent data from Public Health England shows that between 2009 and 2011 people in Manchester were more than twice as likely to die early (455 deaths per 100,000) as people living in Wokingham (200 deaths per 100,000) (PHE, 2013) . A baby boy born in Manchester can expect to live for 17 fewer years in good health, than a boy born in Richmond in London. Similarly, a baby girl born in Manchester can expect to live for 15 fewer years in good health. The health divide has increased over the past four decades (Hacking et al., 2011) , the North of England has persistently had higher all-cause mortality rates than the South of England, with people in the North consistently found to be less healthy than those in the South-across all social classes and amongst men and women (Dorling, 2010) . Since 1965, this has amounted to 1.5 million excess premature deaths (CLES, 2014) . The scale of the divide is such that the life expectancy gap for women between the North East and North West compared to London and the South East was similar to the gap between the former West Germany and postcommunist East Germany in the mid-1990s (Bambra et al., 2014a) . There are also significant inequalities in health between areas within the English regions: area-level health is inversely associated with socio-economic disadvantage, resulting in the large inequalities in health between deprived and affluent areas. These within region inequalities in health are larger in the North than in the South and the social gradient is steeper. For example, the local authority with the largest gap in male life expectancy in England is the borough of Stockton-on-Tees in the North East, where the gap between the most and least affluent wards is 16 years (Marmot Indicators, 2012) .
South Yorkshire), particularly affecting those with less education (Nickell and Quintini, 2002) . The occupational legacy of diseases associated with heavy industry in the North is also sometimes cited as a contributory factor (Bambra, 2011) . However, there is a need for public health geographers to look beyond the purely socio-economic explanations and to look at the wider environmental effects of deindustrialisation and how these have shaped places, health within these places and health between places -specifically between the Northern and Southern regions of England. This is where a new body of work which examines environmental deprivation and health could be usefully applied. Environmental deprivation is the extent of exposure to key characteristics of the physical environment that are either health promoting or health damaging such as air pollution, climate temperature, solar UV radiation, proximity to industry, proximity to waste facilities (including incinerators, landfills, and hazardous waste sites), and access to green space Braubach and Fairburn, 2010; Martuzzi et al., 2010) . A UK wide study found that mortality was associated with environmental deprivation even after controlling for socio-economic factors: area-level health progressively worsened as the multiple environmental deprivation increased . In a previous paper, we argued that brownfield land should also be considered as an element of environmental deprivation as we found a significant and strong, area-level association at a national scale in England between brownfield land and morbidity: people living in areas (wards) with a high proportion of brownfield land were significantly more likely to suffer from poorer health than those living in wards with a small proportion of brownfield (Bambra et al., 2014b) . Brownfield land is a way of capturing some of the aspects of environmental deprivation that are associated with deindustrialisation: regionally concentrated declines in heavy industries, such as coal mining, steel, ship building, engineering and textiles, not only led to higher levels of unemployment and associated socio-economic deprivation but also left a legacy of environmental deprivation in the form of a higher prevalence of disused, often contaminated, industrial sites -brownfield land.
In this paper brownfield land is defined as sites that "have been affected by former uses of the site or surrounding land; are derelict or underused, are mainly in fully or partly developed urban areas; require intervention to bring them back to beneficial use; and may have real or perceived contamination problems" (Concerted Action on Brownfield and Economic Regeneration Network, 2012) . It is estimated that of the 300,000 ha of land in England with a history of industrial use, around 22% (67,500 ha) are, or are likely to be, contaminated [defined as "land potentially affected by both chemical and radiological contamination" (Environment Agency, 2005, p. xii)] as a result of their previous industrial, landfill, or transport use (p. 36).
Brownfield land could potentially be an important environmental factor in the aetiology of regional inequalities in health in England in at least two ways: (1) there may be spatial inequalities in exposure to the health risks associated with brownfield land if it is spatially concentrated; and (2) there may be spatial inequalities in susceptibility to the negative health risks of brownfield land. In this paper, 'exposure' is simply proximity to brownfield land since the measure we are using does not allow us to examine public accessibility to such land. 'Susceptibility' refers to the extent to which poor health (measured by mortality and morbidity) is influenced by exposure to brownfield land.
Firstly, previous research has suggested that brownfield sites (particularly those of low value and of a small size) are disproportionately located in deprived areas. For example, over 67% of people in the most deprived areas of Scotland live within 600 m of derelict land compared to only 13.9% of people in the most affluent areas (Braubach and Fairburn, 2010) . This was also demonstrated in an urban study of local neighbourhood resources in Glasgow, Scotland which found a stepwise significant small area association between level of deprivation and proximity to vacant or derelict land or buildings (MacIntyre et al., 2008) . 64% of the least deprived quintile of small areas was within 500 m of a vacant or derelict land or building compared to 97% of the most deprived quintile of small areas (MacIntyre et al., 2008) . USA research into brownfield land has also found that it is geographically concentrated in low income neighbourhoods (Litt et al., 2002) . People living in deprived ex-industrial communities are therefore far more likely to be exposed to brownfield land and its toxicological and any other ill-health effects. Similarly, environmental deprivation studies conducted in the UK have found considerable spatial inequalities with greater environmental deprivation in urban and industrial areas and the Northern region .
Secondly, there are also issues about potential spatial inequalities in susceptibility to the effects of exposure to environmental health risks. For example, a study by Stafford and colleagues (2008) demonstrates that the health effects of exposure to poor environments varies by individual level characteristics as some people within a neighbourhood will have higher levels of exposure (e.g. because they spend more time in the neighbourhood), and some are more vulnerable to exposure. Often these are the old, the young, and those of lower socio-economic status . There is also evidence to suggest that the negative health effects of the physical environment vary by gender with women more affected than men Martuzzi et al., 2010; Cummins et al., 2005) and that the beneficial impacts of green space are felt more by men than women . Susceptibility to the negative health effects of brownfield might be similarly socially patterned.
There is an absence in the literature of experimental studies that have investigated the potential aetiological pathways through which brownfield land may affect health. However, it seems plausible that the mechanisms through which brownfield land contributes to health inequalities may be both physiological via direct toxicological effects of contamination and psychosocial via stigmatisation and the 'spoiled identity' that comes with residing in a discredited area as a result of environmental factors such as air pollution or 'dirt' (Bush et al., 2001; Mitchell and Popham, 2007; Bambra et al., 2014b) . Cattell (2001) and Airey (2003) have shown that such environmental place-based stigma can result in psychosocial stress (and associated ill health) and feelings of shame.
Research questions
In this paper, we examine (1) whether exposure to brownfield land is regionally patterned in England; (2) whether the association between brownfield land and health varies within and between the regions of England -including any differences in the North of England compared to the South of England; and (3) what contribution, if any, exposure to brownfield land makes to the North-South health divide in England. As such, it is the first academic paper to set out the regional distribution of brownfield land in England, the first study internationally to explore whether the association between brownfield land and health varies regionally within a country and the first to quantify its contribution to the health divide between the North and the South of England. The paper is also therefore the first to examine how a specific element of environmental deprivation contributes to regional inequalities in health.
Methods

Data and variables
Data on the proportion of previously developed land (brownfield) was obtained from the 2009 National Land Use Database (NLUD) (Homes and Communities Agency, 2012a) . This represents the most recent, comprehensive, publicly available, national dataset of "previously developed land" in England (detailed further in Box 1). The dataset lists the size and geographic location of 72% of previously developed land (PDL) across England. The location of each parcel of land is given as a UK National Grid Reference (via Easting and Northing) . No information is given as to whether the grid reference refers to the central point of the site, the entrance of the site or the postcode centroid. Equally there is no information given on the boundaries of the site to determine the exact shape, just the size of the area covered. Therefore, using ArcMap, the effective site radius was calculated by assuming that each site was a perfect circle centred about the Easting/Northing coordinate with the area of each circle totalling the area of each site. Census Area Statistical (CAS) ward boundaries were downloaded from EDINA UK BORDERS. CAS wards represent small-area geographies of varying size with an average ward comprising 2,570 households (ranging from 222 households to 14,396 households). Wards in the District of the City of London were combined and the Isles of Scilly were omitted as corresponding census data were not available at ward level in the Isles of Scilly due to the scarcity of population there. ArcMap was used to associate each brownfield site with a particular ward. Where a brownfield site fell across several wards, it was allocated using a standard GIS 'best fit' principal, where the ward containing the majority of the estimated brownfield site was chosen. Each CAS ward was assigned to one of the nine regions: North East, North West, Yorkshire and Humber, East Midlands, West Midlands, East of England, London, South East and South West (ONS Geography, 2010) . This is detailed further in Box 1.
The proportion of previously developed land was then calculated by combining all the individual sites within each CAS ward and calculating the percentage area of PDL within the ward. This was then standardised across the wards to create a relative measure of PDL (R-PDL) for each ward. A ward containing exactly the average proportion of PDL had an R-PDL value equal to 100 whilst a ward containing half the average proportion of PDL had a R-PDL equal to 50. The 7,941 wards were categorised by R-PDL using a finite component mixture model. The three resulting categories were (1) wards with no brownfield or no recorded brownfield (n ¼2842) or small amounts (n ¼2146) of brownfield (R-PDL¼ o 28), (2) wards with medium/moderate amounts (n ¼2084) of brownfield (R-PDL ¼ 428 and o250) and (3) wards with relatively large amounts (n ¼869) of brownfield (R-PDL¼ 4 250). The thresholds (o 28; 4 28 and o 250; 4250) were based on finite component mixture model assuming three subgroups. A ward is allocated to the subgroup for which it had the highest probability based on the model. Bambra et al. (2014a Bambra et al. ( , 2014b ) discussed how different thresholds may affect the association between health outcome and brownfield. These thresholds (o28; 4 28 and o250; 4250) were more conservative than the thresholds obtained when a higher number of subgroups was used.
Each CAS ward was assigned to one of nine regions: North East, North West, Yorkshire and Humber, East Midlands, West Midlands, East of England, London, South East and South West (ONS Geography, 2010). The regions are detailed further in Box 1. MD (95% CI) denotes mean difference with its associated 95% confidence intervals. n po 0.05. a Reference is small for each region.
CAS ward-level age and sex standardised morbidity ratios (SMR) with England as the reference population were indirectly calculated for self-reported 'not good' general health and limiting long-term illness using data from the 2001 English Census. As subjective measures of morbidity these indicators may be subject to reporting bias and could be interpreted variably (Cairns et al., 2012) . Therefore, CAS ward-level age and sex standardised mortality ratios with England as the reference population were also indirectly calculated for all-cause premature (under the age of 75) mortality using data from the Office for National Statistics (ONS) for 1998/1999-2002/2003 . Five years data for premature mortality was used to ensure that the number of deaths in each CAS ward were large enough for meaningful statistical analysis. The 2001 Census and 2003 ONS data represented the most up-to-date health data available at ward-level in England at the time of analysis. The standardised morbidity and mortality ratios compare wards with the English average (100), with values above or below 100 representing better or worse than average health. The health variables are detailed further in Box 1.
CAS ward level data on potential confounders were also obtained: settlement type (from the ONS classification (2004)); multiple environmental deprivation (using MED-Ix from Richardson et al. (2010)); area-level deprivation (using the Townsend Index of Deprivation for, 2001; Townsend et al., 1988) and 2001 individual-level Census measures of demographic and socio-economic characteristics: socio-economic classification, educational qualification, ethnic composition, economic activity, housing tenure and car ownership. These variables are detailed further in Box 1.
Data analysis
Descriptive data on the prevalence of brownfield land by region is presented in Table 1 . In order to investigate the area-level association of health by brownfield categories and regions, we fitted two sets of multilevel models with the local authorities specified as random effects in order to capture variability of the health outcomes attributable to local authority's specific characteristics. The random effect model implies a population average model with exchangeable correlation between wards from the same local authority. The first set of models was used to investigate the association both unadjusted and adjusted between health and brownfield land within regions (2-9). The second set of models was used to investigate the association, both unadjusted and adjusted, between health and brownfield land between regions (2-9). The multilevel models were adjusted for multiple environmental deprivation score, Townsend Index of Deprivation (arealevel), and individual level variables including ethnicity, education, unemployment, socio-economic status, car ownership, housing tenure and settlement types. The adjusted analyses rely on the assumption that spatial inequality does not interact with the other factors in the models.
In addition, we also quantified the percentage of the NorthSouth health divide that can be independently attributed to brownfield for each health outcome. Initially, we fitted a model with only the region as the predictor and estimated the difference in the health outcomes between the North and the South (reference model). Several models (shown in Table 10) The reference group is the South East small, medium and large respectively.
Results
Inequalities in exposure to brownfield land by region
The total land area for the wards in our dataset was 7,869,686 ha; 0.56% (43,977.83 ha) of this is classified as brownfield land. Table 1 provides data on the prevalence of brownfield land according to region. From this table we can see that in the main the North of the country has higher concentrations of brownfield land (e.g. North West has 1.23% amounting to 8,851.9 ha) compared to the South (e.g. South West has 0.27% amounting to 4,041 ha), with the exception of London which contains the highest concentration of brownfield land (2.58%; 3,047.9 ha) -for a full breakdown of brownfield land prevalence for all regions in England see Table 1 and Fig. 1 . Based on the total brownfield land in England the contribution for each region is as follows: South East 16.11%; South West 9.18%; North East 7.69%; North West 20.12%; Yorkshire & Humber 11.65%; East Midlands 9.70%; West Midlands 8.61%; East of England 10.00%; London 6.93%.
Brownfield land prevalence in CAS wards was broken down further into small, moderate and large categories which clearly illustrates that wards in the North have greater exposure to large amounts of brownfield land (e.g. 27.2% of wards in the North West compared to 10.4% in the South West) but again the highest exposure of brownfield land is found in London with 31.6% of wards within London exposed to large areas of brownfield land.
Brownfield land and health within and between regions
4.2.1. Premature mortality Table 2 displays the results from the unadjusted and adjusted analyses within regions for premature mortality. The adjusted results show that there is an additional 9.4% premature mortality rate in wards with large amounts of brownfield compared to wards with small amounts of brownfield land in the North West. The gap is 8.9% in the North East (p o0.05). In contrast, in the South East there is only an additional 4.5% premature mortality rate (p o0.05) in wards with large compared to small amounts of brownfield land. Table 3 shows the results from the unadjusted and adjusted analyses between regions for premature mortality. After adjustments for confounders were made, the spatial inequalities between regions that remained statistically significant (p o0.05) were for the North West, South West, Yorkshire and Humber, East of England, and London (compared to the South East reference group). The region with the highest amount of additional mortality was the North West with 7.6%, 10%, and 12.5% in small, medium and large brownfield areas respectively compared to similar reference areas in the South East. On the contrary, London shows the opposite association with 11.1%, 13.6%, and 15.8% less mortality in small, medium and large brownfield areas respectively. Table 4 displays the results from the unadjusted and adjusted analyses within regions for self-reported 'not good health' (NGH). After adjusting for confounders, the only statistically significant (p o0.05) gaps between wards with large and small amounts of brownfield land are in the North West (additional 6.7% cases of NGH) and the South West (additional 2.9% of cases of NGH). There are no significant differences in cases of NGH within areas of large and small brownfield in the other regions. Table 5 shows the results from the unadjusted and adjusted analyses between regions for NGH. The adjusted analysis reveals that the regions which have statistically significant (p o0.05) additional self-reported NGH compared to the South East reference are the South West, North East, North West, and East and West Midlands. The North West again has the highest number of additional cases of not good health with an excess of 20.2%, 23%, and 7.3% in small, medium and large brownfield areas respectively compared to similar reference areas in the South East. Table 6 displays the results from the unadjusted and adjusted analyses within regions for limiting long-term illness (LLTI). The adjusted analysis shows that large brownfield areas within the North West have 3.3% additional LLTI compared to areas in the North West with low amounts of brownfield. The gap in the South West is 1.9% (as with NGH, the only two regions with results that were still significant (po 0.05) after adjustments were made for confounders). Table 7 shows the results from the unadjusted and adjusted analyses between regions for this health outcome. In the adjusted analysis, all of the regional differences except for the East of England and London remained statistically significant (p o0.05). Similarly, the Northern regions had the highest burden of ill health across all types of brownfield relative to the South East reference areas. In the North West region there is an additional 15.1%, 15.6%, MD (95% CI) denotes mean difference with its associated 95% confidence intervals. n po 0.05. a The reference group is the South East small, medium and large respectively. and 18.2% LLTI in small, medium and large brownfield land areas respectively compared to the South East reference areas. This is paralleled with the results in the North East (additional LLTI amounts to 17.1%, 17.5%, and 18.1% in small, medium and large brownfield areas respectively compared to reference areas). Table 8 examines the association of brownfield land with health within the North and within the South. The results from the adjusted analysis reveal that some spatial inequality exists between areas with large compared to small amounts of brownfield in both the North and South, although this varies by outcome. In the North, areas with large amounts of brownfield have statistically (po 0.05) higher amounts of premature mortality (8.4%) and NGH (3.7%) but not LLTI. In the South, areas with large amounts of brownfield have a stronger association with premature mortality (2.4%) and LLTI (1.6%) but not NGH. Table 9 shows the results from the unadjusted and adjusted analyses for the between North and South association between brownfield land and health for the three health outcomes. In the adjusted analyses, there is significant (p o0.05) between-region spatial inequality in premature mortality with areas with large amounts of brownfield in the North experiencing an additional 4.7%, 7.4%, and 10.7% premature mortality in small, medium and large brownfield land areas respectively compared to similar areas in the South. There is a similar but even stronger pattern for NGH and LLTI: 15.9%, 17%, and 18% additional not good health and 11.2%, 11.5%, and 12.3% additional LLTI in small, medium and large brownfield land areas respectively in the North compared to the South.
Self-reported not good health
Limiting long-term illness
Brownfield land and the North South divide
The percentage contribution of brownfield land exposure to the North-South health divide were calculated and are presented in Table 10 . The North-South health divide was estimated as 20.4% for premature mortality, 30.4% for NGH, and 22.1% for LLTI. The unadjusted brownfield contribution (i.e. % contribution of model 2) to these health divides were 6.9%, 4.1%, and 3.9% respectively. After adjusting for all confounders, the independent contribution (i.e. % contribution of model 5 -% contribution of model 4) of exposure to brownfield land to the North-South divide was calculated as 0.25% for premature mortality, 0.1% for NGH, and 0.1% for LLTI.
Discussion
This analysis has shown that brownfield land is regionally patterned in England with higher exposure to brownfield land in the Northern compared to the Southern regions; that brownfield exposure has an association with regional inequalities in mortality and morbidity within regions (particularly in the North West); that brownfield has an association with inequalities between regions (particularly between the North West and the South East); but that brownfield land only makes a small independent contribution to the North-South health divide in England.
From these results it is also clear that brownfield land exposure is on the whole higher in the North and that susceptibility to the health effects of brownfield land appears to be much greater for both mortality and morbidity in the North. This is particularly the case for the North West. This suggests that the environmental (as well as the well-established socio-economic) effects of deindustrialisation might be important for spatial health inequalities in England. There may be historical geographical reasons for this in terms of the different industrial base of the North West (where textiles, shipping and engineering dominated) compared to the Southern regions but also compared to the North East (where coal, shipping and steel dominated) which may have resulted in different post-industrial landscapes in the form of different types of brownfield land. These different 'biographies of place' (Warren and Garthwaite, 2014 ) -as well as associated different individual occupational health histories -could potentially lead to the different spatial associations between brownfield and health found in our analysis. However, brownfield land only made a very small independent contribution to the so-called North-South health divide.
It is also important to note that the association between brownfield land and mortality and morbidity in London appears to show the opposite association with a large exposure to brownfield land and yet lower susceptibility to mortality and morbidity outcomes. There may be different factors at play that may explain these 'London effects' one of which is the type of brownfield land itself. This suggests a third potential pathway (in addition to the two outlined in the introduction) whereby brownfield land could contribute to spatial inequalities in health -as there may be spatial inequalities in the nature of the brownfield land itself. Of the two main categories of brownfield land covered in the NLUD database, "vacant or derelict" and "in use with potential for redevelopment" (which account for 46% of brownfield sites in Table 6 Model based distribution of age and sex standardised limiting long-term illness ratio by regions (within) and brownfield categories. The adjusted analysis accounted for multiple environmental deprivation score, Townsend index of deprivation (area-level), and individual-level variables including ethnicity, education, unemployment, socioeconomic status, car ownership, housing tenure and settlement types.
Region
Brownfield MD (95% CI) denotes mean difference with its associated 95% confidence intervals. n po 0.05. a Reference is small for each region. England), it is possible to speculate that London has more of the latter, and the North more of the former which would result in different health effects. This study is not the first to identify unexpected findings for London -it seems to consistently be an outlier in terms of health: for instance, some studies have found that London performs better in life expectancy, mortality and morbidity outcomes despite similar levels of deprivation with other parts of England (Doran et al., 2006; Cairns, 2013; CairnsNagi and Bambra, 2013) . Due to the limitations in the dataset we are unable to identify what types of brownfield land there are in each region so it is unknown whether the brownfield land is contaminated or not. Likewise, we are unable to examine the quality of brownfield land -some land may be aesthetically better than others. Another explanation may be that not all poorer neighbourhoods lack health promoting resources or are exposed to health damaging features (i.e. brownfield land in this particular case) (MacIntyre, 2007) . London also differs considerably from the other regions in terms of population mobility. There is far greater population movement in London compared to any other region in the country given that there is a greater proportion of student and immigrant population located in this city. Norman et al. (2005) argue that although there is a strong evidence base for the association between deprivation and mortality, life expectancy and other health outcomes, these apparent associations are based on comparing the measured deprivation in a person's residential area at the time of their death for instance; the underlying assumption therefore is that the deprivation score of current area of residence is an adequate measure of exposure to possible health risk overlooking social and physical mobility. Furthermore, there may be competing health-promoting (salutogenic) and health-damaging (pathogenic) factors in play in London. For instance, the potential supply of salutogenic aspects of the environment in London may mediate against the pathogenic factors that may enable individuals to live well despite such environmental stressors. As Shortt et al. (2011) point out there have been few attempts to simultaneously capture salutogenic and pathogenic aspects in relation to the physical environment. These authors found that wards within the 'London-esque' MED-Ix cluster were at a lower risk of limiting long-term illness, all-cause mortality and cardiovascular disease suggesting that there may be elements of the environment that are salutogenic which may buffer against the pathogenic physical environment such as brownfield land. The uneven geographical distribution of brownfield and its concentration in income deprived communities (MacIntryre et al., 2008; Braubach and Fairburn, 2010; Litt et al., 2002) and differences in susceptibility to ill health effects of exposure to brownfield means that it is potentially another element of environmental injustice (Hofrichter, 1993) . Areas which already suffer from the ill health effects of social deprivation and other elements of environmental deprivation (such as air pollution or waste facilities) may also experience the increased likelihood of ill health associated with higher levels of exposure to brownfield through both physiological and psychosocial mechanisms. Brownfield could thus be an additional factor behind spatial inequalities in health and it may comprise a further way in which individual-level deprivation is amplified by area-level deprivation -particularly in the North (Macintyre, 2007) . There is a need to examine if there are more area-level inequalities in the association between brownfield land and health at a smaller scale and also by arealevels of socio-economic deprivation.
Limitations
This study is subject to some general design limitations. Given the cross-sectional study design it is not possible to rule out Table 7 Model based distribution of age and sex standardised limiting long-term illness ratio by regions (between) and brownfield categories. The adjusted analysis accounted for multiple environmental deprivation score, selection effects whereby people with worse health end up residing in areas with more brownfield. We did not consider population weighting of the wards in relation to the R-PDL values and it may be that a more densely populated ward has more of an environmental-human impact than a less densely populated ward.
Also, this study has only been able to examine cross-sectional association and a longitudinal design would be required to explore issues of causation. Future experimental or natural experiment studies that explore aetiological pathways through which exposure and susceptibility of brownfield land may lead to morbidity MD (95% CI) denotes mean difference with its associated 95% confidence intervals. n po 0.05. a Reference is small in each region. and mortality would be beneficial. Further, as this is an area-level study, it is also prone to the ecological fallacy and it needs to be kept in mind that what holds at the area-level may not necessarily be true at the individual-level. The geographic level of the analysis should also be considered as this study only examined small-scale geographies (wards). It is possible that the relationship between brownfield and health could vary at larger geographic levels such as local authorities (Macintyre et al., 2008) . A more specific study limitation relates to the definition of brownfield land. The definition is very encompassing and covers a wide variety of land uses. Some brownfield land may be contaminated, some not; some may be used recreationally, some not and so forth. It was not possible given the NLUD database to discriminate in our analysis between different types of brownfield. This study has also only looked at the quantity of brownfield rather than the quality. The extent to which brownfield differs from green space also needs to be considered as whilst the NLUD used in this study only recorded PDL, it is possible that some of this could be categorised as green space depending on how broadly green space is defined and measured . However, this study has used the best -and only -data source available on brownfield land in England, although the caveats applying to the dataset (Homes and Communities Agency, 2012c) apply also to this research most notably that only an average of 72% of brownfield land in England is covered by the dataset.
A value of zero in the NLUD database could either indicate no brownfield present or no brownfield recorded (e.g. missing data). It was not possible to determine and so in our analysis, all zero scores were used in the small R-PDL group. This may have resulted in an underestimation of effects in the analysis. Limitations in the data sources available meant that brownfield data from 2009 was necessarily compared to census data from 2001 and premature allcause mortality data from 1998/9 to 2002/3, since these were the most up-to-date data available at ward-level at the time of analysis. This will have inevitably introduced some inaccuracies as demographic changes between 2001 and 2009 in particular would not be reflected. There were small changes in PDL which declined by 6% between 2002 and 2009, with vacant and derelict land decreasing by 18% and land currently in use with potential for redevelopment increasing by 12% (Homes and Communities Agency, 2011) . Since the NLUD has only been compiled since 2002, and increased in scope and accuracy between then and 2009, the decision to compare the most up-to-date health and brownfield datasets was to ensure the best available data for all variables. Further, the assumption of circular sites centred on the "location" coordinate from the NLUD is a necessary but consistent abstraction, given that the NLUD data does not specify whether the "location" grid reference relates to an entrance, centre point, boundary or other distinguishing feature. Manual identification of the boundaries of each brownfield site was not feasible within the context of the present study and adoption of a consistent method was a necessary compromise.
Conclusions
This study is the first to examine the association between brownfield land and regional inequalities in mortality and morbidity at a national level using the example of England. We have found that brownfield exposure has an association with regional inequalities in mortality and morbidity within regions (particularly in the North West); that brownfield has an association with inequalities between regions (particularly between the North West and the South East); but that brownfield land only makes a small independent contribution to the North-South health divide in England. Whilst this study is subject to a number of limitations, it suggests that the environmental (as well as the economic) aspects of spatial inequalities in health need to be examined further and that brownfield land should be considered as part of environmental deprivation. However, there are exceptions in the association between exposure and susceptibility to brownfield land and spatial inequalities in health as demonstrated for London. Nonetheless, the remediation and redevelopment of brownfield land should be considered as a public health issue and a subject of analysis for future geographical research.
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